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.\3A&3 study of the Changes of the Heart's Shadow 
During Systole and Diastole as Shown 
by the X-ray. 
Intro duotion 

The lack of knowledge of the z-ray shadow changes of 
the heart during ^stoleand diastole^ and eren a much less 
knowledge of the heart's actual output ^ has made this re-- 
search problem a rery interesting one^ not only from a 
purely scientific standpoint but from a clinician's stands- 
point as well# The object of this paper is to set forth 
the results obtained of determining the volume changes of 
the heart by means of measuring the difference in shadow 
area of the heart during systole and diastole* This im- 
portant problem has opened itself to attack by the recent 
research work of Dr* Bardeen whose exhaustive work upon 
this subject has thrown much light upon the question of 
volume as related to the heart shadow area. The shadow 
area obtained by actual x-ray work were compared to his 
standard table of shadow area and volume ^ and thus a working 
basis was created for the results obtained. 

The problem undertaken was to determine the hearts 
actual output with the subject in both sitting and lying 
positions. As will be seen^ however^ not much data has 
been obtained in the latter position. As the amount of work 
done upon this subject has been very limited^ the amount 
of available literature is correspondingly small. A 
brief resume' will be given of the most important work done 
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along this lloa both on man and on lowor anlmala* 

One of tho earliest raoarda that va haya perhaps is 
that of Passanant (8tavart*8 Physiology *05, 5th ad, p. US) 
vho in tha middla of the aighteanth eantury ealeulatad tha 
output to ^a 46,5 grams (42. 76 oo. ) «hioh data, howarar, is 
generally oonoadad to ha too low. ligaratadt ( *06 Harlin 
p* 178) atatas; **We eannot aay aa yat with dafinitenass how 
great is the quantity of blood aspelXed from the human heart 
at eaeh systole* It is very probable that tha pulsa yoluna 
is somewhere between 60 and 100 grams per beat"* llartin 
(Human Body *06 p* S88) on the other hand statea that at 
eaoh systole eaoh Tentriole aends out 180 grams* 

Krogh and Lindhard (SIcaad* ArohiT* f« Physio* 87 » 
100, 1912*, Howell) In this researoh work by indireot means 
aaloulatad the output of the right ventriele in man to ba 
from S.8 liters per minute during rest to 81*( liters during 
museular azeroise* Changing this to oubio aantimeters and 
assuming the heart rate to be normal (70), the rariation 
would ba from 40 oe« per beat during rest to 308*57 eo* per 
beat during museular azeroise* ETogh and Lindhard ezplain 
this wide rariation by oonoluding that it is due to the 
variation in the reneus filling of the heart during diastole* 
When a person is at rest the inflowing yenous blood is in- 
suffioient to distend the heart oompletely, during nmsoular 
ezeraise, howeyer, the inorease in the yenous pressure and 
tha inoreased yelooity distends the heart in its diastolio 
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phas* as far as its nmsoulature will al^ow. 

▲ooording to Htnderson (Amsr* Joiur* of Physiol* 16, 
325 *06) tho dogs output from the left Tentriole when the 
heart beat is nomal (90) is approxinately.OOS of the 
body weight* 

atolnikow (Aroh* f* Physiol* Leipsig 1886, 8* 1«, 
3ehaeffer) attempted to measure the outflow hy tying all 
the sort is bsanohes ezeept the axillary, from whioh ressel 
he eolleoted the blood* He then sent the blood baek to the 
heart by way of the external jugular yein* By means of 
this e:q>eriment he found the output to be *0008S to *00016 
of the body weight* 

Tigerstedt (Skandin* Arohiy* f* Physiol* Leipsig 1892- 
93, Bd* iii 8* 145*,8ohaeffer) in measuring the flow of blood 
by means of a stromahr, in the aorta of a rabbit found the 
mean outflow was *00027 of the body weight and the output per 
seoond *00085 of the body weight* 

Zunts, (Deutsohe Med* Woohensohr*, Leipsig 1892, S*109*, 
Sohaeffer) used an Indireot method for determining the output, 
based on a ooinparison of the differenoe in gases oontained 
between arterial and venous blood, and the aetual amount of 
0£ taken from the air into the lungs* By this method he 
oaloulated the output of the right rentriole of the horse in 
one minute to be e(iuiTalent to •0012S of the body weight per 
seoond* Using this same method on a dog, zunti found the 
output to be * 00157 of the body weight* Prom these results 
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he oalonlated the output of man to be apprextmately 60 oo« » 
this howerer, aocording to Zunts may be doubled daring 
exerolae* 

Zunts and Tigerstedt's results show some oorrolatlon 
(aohaeffer 1900 Yol* II p. 49). 

•00085 of body wt. (maximal .OOISS) Rabbit. Tlgerstedt 
.00128 " « " " •♦ Horse. Zunta 
,0016f • » " " •♦ Log, Zunts 
ligerstedt (Starling's Physiol. '12 p. 1026-1031) used 
the plethysmographio method for determining the output. He 
used the perioardial sao as the ohamber of the plethysmograph. 
The perioardlum was filled ivith oil as the oncometer and the 
changes in the TOlume of the heart ivas registered by oonoeoting 
the oarity of the perioardium with a form of piston recorder. 
The objections which haye been raised to the above method is 
that the pericardial sac is not rigid enough for using it 
as a plethysmograph; furthermore a distension of the peri- 
cardial sae impedes the normal diastole of the heart. The 
error due to these causes has been eliminated by using either 
a metal or ^ass plethysmograph, but as there is no basis for 
calibration, the results obtained are oertaizily not satisfactory. 
The plethysmographio method is, furthermore, limited to use 
only on lower animals. 

Stewart (Starling's Physiol. '12 p. 1026-1030) deter- 
ipined the output by injecting a solution of methylene blue 
into the central end of the jugular rein. This was collected 
from the peripheral end of the same Jugular rein 27 heart 
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beats after the injection^ By dividing the quantity of 
blood in man (SOOO gms* in a man of 60 kilos) by 27; so as 
to arrive at the output of eaoh ventriole^ he ealoulated 
each cardiac systole at about 111 grams or 10£«08 co« The 
objections to this method are that it represents perhaps the 
shortest possible time in which the blood ean come back# 
It is not known where or how far it went^ it may have taken 
the shortest cuts possible; in view of this fact the output 
of the left ventricle in man then must be considerably less« 

Another method by which Stewart (Stewart's Fhysiol* 
5th ed« '05 p# 113) estimated the output was by first measuring 
the amount of blood which passed through the heart in 1 
minute; he found this to be 4i- kilos* Taking the average 
pulse rate as 72 per minute^ the quantity ejected by either 
ventricle with every systole would be 1|2^ or 62* 6 grams 
or a little less than 60 cc# He also experimented on 20 
dogs whose weights ranged fl'om 5 to 35 kilos. Stewart 
showed that the output or contraction volute of the left 
ventricle per kilo of body weight diminished as the size of 
the anima^ increased. From the relation between output and 
body weighty he calculated that the output of a man weighing 
70 kilos w«uld be no more than 105 grams of blood per second 
or 8T grams (80 cot) per heart beat with a normal pulse rate 
of 72* By conqparing this result with the circulation time 
of the bloody he calculated the output of each ventricle to 
lie between 70 and 80 co« at each beat» 
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Seha«ff«r (Soha«ff«r*B Physiol* Vol. II 1900 p* 
46-58) 8tat«8 that tht syatollo output oan bo moasurod hj 
hydrodfnamlo foraialao, aftor oertaln data aro obtalnod bj 
ozporlmental meaauros. Tho output by thla mothod was oal- 
oulatod to bo 160 00*, but it is oontendod that this is 
far too high* 

Tolkmann (Bio HamodyBamik, Lolpzig, 1850, S* 204*, 
Sohaoffor) and Tiorordt (Dio Brsehoizmngon und Gosotzo dor 
Stromgoaohwiadigkeiton doa Blutos, Traakfurt 1858, S* 104*, 
Sohaoffor) by ootinatiog tho rolooity of tho blood flow in 
tho oarotid artory and oonparing this rosaol to tho aootional 
aroa of tho aorta, oaloulatod tho rata of flow in tho aorta 
and thus tho output of the ho art por sooond* Tho fallacy of 
this mothod as sot forth by Sohaoffor is that tho flow in tho 
oarotid artory dopeuda upon tho proportionate relation whioh 
ozista between tho carotid Taaoular aroa and tho remainder 
of the arterial aystom. Ho oontonda, therefore, that thla 
mothod eeuinot bo oonaiderod aoourato* 

Viorordt (Anat* Fhyaiol. und Fhyaik. daton und 
tabillen* 1893 p* 61) giyea some interesting figures on 
heart yolume whioh aro aa followa: 

Ago Weight Tentrlonlar output 

Sewbom 
3 year a 
14 years 
Adult 



3*8 kiloa 


9.06 00* 


12.5 " 


35.4 " 


34*4 " 


97.4 " 


63.6 » 


180 " 
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Lastly, w« shall oonslder Lindhart's restilts (Llndhart, 
UsbSB dts MInatenTOliims dss Hsrzens bei Rahe and bel 
Ifaskelarbelt. Pflftgers. Arohly. Vol. 166, 1915. p. 238o 
28S)* H« statts tbat ths pulse TOltuna rarias fram 88 oa« 
in rest to 208 ee* during azaroisa; this result, hovavar* 
was based on one experiment, and It Is thought that this 
Increase Is probably exceptional. In another experiment 
on a tpoman, Llndhart calculated the yolime during rest as 
SO ca« and during exercise as 77 ca« He he« found that the 
pulse Toluma yarles fram day to day when one Is not aetlrely 
at axerolse; the following tables show this: 

Subject - mala 

nay 13, 66 ca» 

]C«7 15, 75 00. 

nay 29, 76 CO* 

Jkwg* 72 CO* 



Subject - j 


Female; 


Oct* 4« 


64 CO* 


Oct* 7, 


68.5 CO. 


Oct* 10, 


76 00* 


Oct ,19 


78 CO* 


Oct. 21 


76 CO* 


Oct. 27 


86 CO* 


Am. 


74.75 CO* 



Th% question now arises as to the authenticity of these 
numerous results; on the whole thej halfs shown a rather 
wide variation* Ho doubt but tbat some of the results agree 
rather olosely^ and oonsidering the many different methods 
used« perhaps they oorrelate as well as ean be esqpeoteda It 
must be oonceded moreover^ that muoh painstaking and eareful 



Digitized by 



Google 



Digitized by 



Google 



- 8 - 

work baa been done on thle Important subjeot; the fault 
eeems to lle« however in the methods employed^ that l8« no 
aoourate praotloal method has thus far been found* After 
ooneidering a few of the important prineiplee inrolved in 
measuring the output and ohanges in the area of the hearty 
the question of obtaining the heart's output by the measure- 
ment of its shadow area will be desoribed* 

We may first oonsider the relation of the thorax and 
abdoman to ventrioular output* SohaefferC Physiol* Vol* S 
1900 p* 52) states that if the thorax is oompressed^ the 
pulmonary oiroulation is obstimoted and the filling of the 
left yentriole is not oomplete* If on the other hand« the 
abdomen is oonspressed^ the filling of the right yentriole 
is aided and the output per seoond is increased* If too 
muoh bloody however^ is returned to the heart the fact that 
the output is greatly increased^ causes the blood pressure 
to rise^ and the result is that it becomes so great that the 
heart oannot pump against this counter pressure* According 
to Schaeffer, if the heart attempts to enlarge its output 
it is at a disadyantage^ for if the Tentricle is enlarged to 
twice its diameter « approximately 8 times as mach muscle 
force must be used to produce the same pressure* Thus^ 
powerful compression of the abdomen dilates the right heart 
and at the same tlma opposes the emptying of the left ventricle* 
Mention is also made of the fact that if the heart musculature 
is weakened by CHClg or by asphyxia^ and if the abdomen is 
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then forcibly ooiiipr«88«d« the right yentrlole may be thrown 
Into a condition of paralytic dilitation* LindhartCFfltgera 
ArchlT« 166« *15 pp* 238«»268) discnases the qneation of 
minute pulae yoltuiie aa related to ezereiae* The minute 
volume of the heart may riae during exeiH^iae aiz timea 
orer that at reat* The pulae volume of the heart ia en- 
larged by muaoular exerciBCt but aince the minute volume may 
vary independent of pulae volume » no conclusiena may be drawn 
about one for the other* The effect of ezerclae and training 
is to cauae during reat an increaae of metabolian and in 
relation ta thia a a till greater increaae in minute volume 
and a leaa complete use of the O2 in the blood; the pulae 
Areqaency ia also leaaened^ but there ia a very marked increaae 
of the pulae volume* Buring ezerciae the individual ahowa 
leaa relative increaae in metabolism and minute volume; the 
oxygen ia more completely uaed^ there ia a relatively lower 
pulae frequency and a amaller pulae volume* 

The main principle of cardiac output ia that it depends 
upon the diastolic filling of the heart; therefore, anything 
which cauaea a riae of vencua preeaore or which cauaea the 
blood to flow into the right auricle faster vuat needa give 
the heart a greater output - then too, a lengthened diastole 
will also give a greater output* In thia connection, it may 
be aasumed that the ventricles must have approximately the 
same output, otherwiae we would have to think of the blood 
as being dammed back some place, and that there were 
reaervoira in certain tissues in the body to receive this 
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bloody tli« latter is qult« inoonoelTabl^, aa no eTldanea 
haa aTen baen foxmd for tbla* 

Tigarstadt (Sohaaffer Yol^ 11,1900^ p« 50) Aram his 
researohes on tha output of the haart eonoludas: 
1« fhat within oertain limits tha STstolic output is 
indapandant of tha rasistanoa* 

2. That under favorable conditions a rise of resistance 
laay Inoreaaa the systolie output* 

3« That with inoraasing peripheral rasistanee tha systolic 
output as a rule decreases* 

4« That as the arterial pressure gemrallj increases in 
spite of the diminished systolic output « the diminution in 
output per second must be proportionately smaller than the 
increase in resistance* 

Haying now considered a few of the most important 
principles which influence the cardiac output and having ra«» 
viewed the methods and results obtained by the most prominent 
workers « we may consider next the method used in obtaining 
the systolic output by means of the shadow area of tha heart* 

Hethods and Description of the Machine* 

In order to photograph the heart daring systole and 
diastole^ a special apparatus was dssigned by Br* J* A* B* 
Syster to be attached to the x*ray machine* Briefly^ thia 
machine was so constructed that the moment a weight was 
released^ the heart was taken in systole; the weight then 
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passing through a knom distanos oausad a switch to bo throim 
ln» whloh coinplotod tho olrcult and oaasod tho hoart to bo 
takon in its diastolic period # Tho weight was sot off 
antonatioally by the carotid wayo, whioh was transmitted to a 
oomponnd merctory tambonr, and this tambour by making contact 
through the mercury be means of an electromagnet released 
the weight* In more detail this apparatus consisted of two 
brass perpendicular parallel bars approximately 160 centlmetets 
in height and about 10 om« apart; these bars were supported 
OB a oast iron standard* A sliding woight was Interposed 
between these bars and proTontod from slipping out by flanged 
grooTOS* This sliding weight was held at the top of the 
bars by a small '^oatch** which could be automatically released 
by an electromagnet* A small switch whioh when thrown in 
set off the machine « was so arranged that it could be adjusted 
to any height on the parallel bars; this switch in turn was 
thrown in by the sliding weight* Knowing^ therefore, the 
number of centimeters through whioh the weight fell, by the 
law of falling bodies , that is from a body at rest/ the time 
could be calculated in which it took the weight to fall 
Arom the top of the bars where it was held by an electromagnet 
to the height at which the switch was set* The apparatus 
was further arranged, so that the instant the weight was t%^ 
leased, the heart was taken in systole; whan the weight 
struck the adjustable switch previously mentioned, the heart 
was taken in its diastolic phase* Thus, by running a trial 
experiment or two, tha apparatus could be arranged so that the 
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heart oould be taken at the belght of STStole and a little 
later In Its greatest diastole* The period In which the 
heart was taken could be ascertained by noting Its relation 
to the oarotld waTO tracing on the kymograph as will be ex- 
plained later* Two fuses were In the electrical current, 
therefore the Instant the first picture was taken, one fuse 
was blown out, this prsTented the current from passing through 
this circuit again, the next Instant the second fuse was 
blown out, the apparatus was In this way cut off from the 
X'^TB^f^ machine* 

In order to obtmln the time relations It was of course 
necessary to record the Instant the picture was taken* This 
was done by having two electric marking pens connected to the 
first and second switch respect iTcly, the first marking pen 
making Its scratch line on the kymograph when the first 
picture was taken and the second marking pen making Its 
scratch line when the second picture was taken* On this 
same kymograph the carotid pulse was recorded and also the 
respiration, the latter being recorded by a special belt 
which was put around the subjects abdomen* The tube which 
conreyed the carotid pulse and also the tube which couTeyed 
the respiratory movements were attached to their respective 
coinpound mercury tambours, which by making contact thru the 
mercury completed the circuit, thus releasing the sliding 
weight* A switch board was so arranged that the current 
was only completed during deep Inspiration* The regularity 
of the pulse transmissions oould be detected by watching a 
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small ammeter; when the hand of the latter registered a 
definite nxunber of degrees at each heart beat« the kymograph 
was started and the small switch On the switch boards which 
caused the picture to be taken only in deep inspiration^ was 
thrown in, the tambour then completing the oircuit through 
the marcury cups, set off the electromagnet, which in turn 
released the sliding weight and as before described a picture 
was taken in systole and one in diastole* To summarise- 
A typical record showed the first marking pen making its 
scratch line which coincided approximately with the height of 
systole of the carotid tracing, while the second marking pen 
made its scratch line at a point corresponding to the diastole 
in the carotid curre* As these followed each other so 
rapidly, they of course both took place during inspiration* 
A tuning fork which Tibrated 100 times per minute was used to 
ascertain the time relations between systole and diastole, 
the time which elapsed between the taking of the two pictures 
generally averaged about 85 hundreths of a minute # 

The subject each time was put at the same distance 
from the z-ray tube, that distance being two meters, in the 
lying as well as in the sitting position. As soon as the 
pictures were taken the subject's systolic and diastolic 
pressure was taken as was also the pulse rate* There were 
put on the kymograph record and were used later for means of 
correlation as will be explained^ 

The pictures were taken on a film size Uk Ik 17; it was 
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neoeeaazy to use intanslfying screens as the time of ex* 
posnre was Tezy short* The films were developed Inuned lately 
In fresh deyeloper and left in the dere loping solution about 
15 minutes. After they were cleared up in the hypo bath and 
waahed^ a satiafaotory negatire showed two distinct outlines 
of the hearty the diastolic shadow superimposed upon the 
systolic shadow. The differences in area were then measured 
by means of the planimeter* 

Results 

We may now consider the results obtained by measuring 
the differences in the two shadow areas* Qy using the 
table a cosipiled by Dr* Bardeen the correct Yolume which 
corresponded to that area was looked up* ]B|y finding the 
difference in area between systole and diastole and dividing 
the result by the diastolic area, tbB oomparatiTe area in 
percent was found « or the percentage of decrease of diastolic 
area during systole* This was also dene with the volume; 
then the percentage of decrease of diastolic volume during 
systole was found* These percentages were added from 19 
subjects and the average for the area was 12*47^; that of 
the volume was 18*736^* 

These percentages were then used and the subjects 
were arranged according to weight; a variation of five 
pounds was allowed* The following table shows the result: 
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Paroentagtt of deoreaae of diastolic area and YOlxuat 
durixig ayatole in relation to V>dy weight* 

(Sitting position only) 



Body Weight 


Feroentage of deereaae 


of diastolio area 






and YOltime 


daring 


systole. 






Area 




Yolvine 


171. B lbs. 




14.85 




20.71 


16f " 




13.60 




19.72 




Avg4 


13.976 




20.215 


165 




13.61 




16.79 


163.5 * 




11.16 




16.39 




ATg. 


12.38 




18.09 


166 " 




9.91 




14.46 


168 " 




9.6 




14.1 




Avg. 


9.706 




14.28 


148 " 




9.55 




14.01 


146.6 " 




13.53 




20.85 




ATg. 


11.64 




17.43 


146 » 




20.62 




29.30 


143 • 




11.32 




16.76 


14lf " 




18.60 




26.52 


141 • 




13.63 




19,91 




AYg* 


14.27 




21,076 


137.3 » 




10.93 




15,96 


136 




9.46 . 




13.80 
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Weigbt 




Area 


YOltUM 


1S6 pounds 




11.65 


16.76 


154 • 




15. OT 


SI. 86 




At* 


11.747 


17.096 


130 pounds 




9.1 


13.40 


189 • 




14. £7 


20.68 




Av. 


11.686 


17.036 


116 pounds 




10.81 


16.80 



The abOTO data seems to show that there Is Tory little 
eorrelatlon between the nelght of an indlTldnal and the 
percentage of decrease of diastolic area and TClnme during 
STB tele. 

A classification was next arranged according to height, 
based on a variation of not mere than iwe inches. 

Percentage vf decrease of diastolic area and rolume 
during systole in relation to body height. 

(Sitting position only) 
Height 



72.6 inches 
71.6 »• 
71.6 • 



Percentage of decrease of diastolic 
area and Tolxu&e during systole 



Area 


7olnme 
19.78 


13.88 


20.13 


13.63 


20.86 



At. 



13.706 



20.49 
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Htieht 



P«reentage of decrease of diastelle 
Area and TOltune during Bystole* 
Area Toltune 



70^ Inches 




13.61 


19.79 


70 ■ 




20.62 


29.30 


70 » 




9.46 


13.8 




At. 


14.56 


20.96 


69i inohes 




9.5 


14.1 


69f • 




13.65 


19.91 




At. 


11.565 


17.00 


69 Inobes 




9.91 


14.46 


68.7 " 




10.93 


18.96 




At. 


10. 4£ 


15.21 


68i inobes 




8.18 


12.05 


68 ** 




14.35 


20.71 


68 




15.07 


21.86 


67.5 ^ 




18.60 


26.52 




At. 


14.037 


20.285 


66 inohes 




11.53 


16.75 


66.5 " 




7.30 


10.56 




At. 


9.415 


13.655 


64.5 inohes 




14.87 


20.64 


64.5 " 




9.1 


13.43 



At. 



11.64 



17.035 



65 



10.81 



15.8 
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This tabla llktwis* shows no true oorrelation l^stwesa 
the height of an IndlTlOaal and the peroentago of deorease 
of diastolio area and Tolwae daring systole* 

We may now eonsider the peroentago of eontraotion in 
area and toItum from the standpoing of bodily proportions* 
Fat indiTi duals are olassified aooording to the peroentago of 
weight abOTO normal for a given height* In order to get this 
data for the relatire body proportions Dr* Bardeen*s tables 
were again used* In this arrangement a rariation of 5 
points was allowed, that is from 1 to 5*^ was normal and any- 
thing aboYe or below that was either olassified above or 
below normal* The data is as follows: 



Peroentago of oontraotion in area and ▼elume 
from the standpoint of bodily proportions* 
(Sitting position) 



Peroentago of body 
weight normal for a 
given height 



-16*4 

-16.4 

- g - 8*6 

-9*4 
-10*4 



Peroentago of deorease of 
diastolic area and volume 
during systole* 



Area 



Tolume 



13. 5S 


20*85 


13*88 


20.13 


20*62 


29*30 


9*46 


13*80 



Av, 



14*65 



21*076 



-10 



-1*7 
-2*9 



13*60 
15*07 



19.72 
21.86 
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Feroantagtt of body welgbt 
normal £or a giyen helgbt 



-10 



-3.5 
-5,3 
-6 



Poroentago of doeroase of 
diastolic area and TOlmne 
during systole. 



Area 



At, 12.808 



Voltuae . 



10.81 


15.80 


10.93 


15.96 


13,03 


19.91 



18»65 



Sormal to S**- 



♦6 




♦5 




•K). 


7 


+0, 


.8 


n. 


.3 


•►1, 


>6 



14.87 


20.64 


11.53 


16.75 


11. 3£ 


16.75 


9.10 


13.48 


18.60 


26.52 


10.80 


18.46 



Ay, 



12.60 



18.758 



S-t" to 7 






•»6, 


>8 


♦10 


•^, 


.6 




♦8. 


»0 



no to 17+ 



Av, 



9.91 



14,46 



13.61 


19.79 


9,5a 


14,01 


11,58 


16,90 


14,35 


20.71 



Ili« above table does not show any oorrelatlon between 
the percentage of deorease of diaatollc area and voluine 
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during systole and the percentage of body welgbt for a 
given height. 

The two following tables show the data for the per- 
centage of oontraotion in 'voltune from the standpoint of 
oontraetion in -volxuns from the standpoint of the relati7e 
sise of the heart in proportion to body weight* A 
variation of 8^ was allowed* 

Percentage of deorease of dlastolio Tolnme 
during systole to the relative sise of the 
heart in proportion to body wibight. 

Relative sise of the heart Pereentags of deorease of 

in proportion to body diastolic volume during 

weight systole* 

Yolume 

- 7*1 20.71 

- 7*8 19*79 

- 4*0 13*48 



Av* 17*97 

1*4 S0.18 

2*9 14*46 

3*0 16*75 

3*0 16*91 

3*6 20.86 

Av* ' 18*42 



Digitized by 



Google 



Digitized by 



Google 



- 21 - 



RttlatiTtt si 89 of the heart 
in proportion to hoAj 
weight 



♦ 2,6 

♦ 8.9 



Feroentage of deorease of 
diastolic Toliune during 
systole* 

Volxuae 

26. 5S 

18.46 

29.30 



Ar$4 



24.76 



♦ 6.4 

♦ 6.4 
<*• 6.6 

♦ 8.« 

♦ 12.4 
<(• 14.8 



ATg« 



AYg« 



19.72 
80.64 
18.80 
16.80 
17.69 

16.96 
16.75 
16* 645 



♦ 81.6 

♦ 27.6 



21.86 



14.01 



Lyinp 



* 1.4 

- 2.9 

- 3.0 



Are* 



16.39 
14.46 
12.05 
14.30 
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RolatlTO si so of tho hoart 
in proportion to body 
weight 






Poroontago of dooroaso of 
diastolio TOlnmo dnring 
systolo* 

Yolnao 

18.46 

144 8$ 



At9« 



16.42 



♦ 12.4 
4 14.2 



AYg« 



15*96 
16. 9g 
16.495 



Hoither tablo shovs any distinot oorrolation, tho last 
table appears to show a oorrolation but it is so small and 
tho data for tho lying position is so limited that it oan 
be OTorlooked. 

A oonparisOB based on tho systolio pressure, pulse 
pressure and pulse rate was next worked out. In ease of 
all of these a variation of 4 points was allowed. 

(Sitting position) 



Systolio 
Pressure 


Peroontage of 
dooroaso of 
diastolio 
volume dnring 
systole 


Pulse 
Pressure 


Peroontage of do- 
orease of diastolio 
Tktunie during 
systole 


100 


16.76 


22 


14.46 


104 


19.91 


28 


14.01 


108 


18.46 


30 


18.46 


108 


14.46 


22 


16.75 



At. 17.61 



16.407 
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Systolio 
Prossnro 




YoliUBi 


Fulso 
Prossuro 


YCltUQ( 


110 




16*76 


34 


15.80 


110 




20*13 


34 


19*91 


118 




20.85 


34 


20*86 


114 




20*64 


34 


16*75 




At* 


19*59 




18*48 


116 




15.80 


36 


20*64 


ISO 




13*43 


36 


13*43 


116 




13.80 


36 


19.72 


118 


1 


21*86 


36 
38 


26*58 
29*30 




Ay«. 


16*88 




21,98 


122 




14*01 


40 


20*13 


12t 




20*71 


44 
44 


21*86 
20*71 




AYg* 


17*36 




20*90 


128 




19*72 


48 


19*79 


ISO 




19*79 






1S2 




29*80 


• 




194 




86*68 







Ayg, 25*80 

Lying Position 
104 12*05 36 16*98 
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Systolio 
Pr«s«ar« 


YoliuM 


Pulst 
ProBsnro 


VoltUM 




Lying Position (Contra) 




106 


12.05 


36 


16.93 


108 


16.39 


36 


14.46 


ATS. 14.80 




16.695 


lis 


18446 


39 


18.46 


116 


16.93 


40 


15.96 


116 


14.38 


42 


12.05 


116 


14.46 


42 


14.38 






43 


16.39 



ATg« 



16.056 



15.448 



Pulso Rato and Tolnmo 



(Sitting) 



(Lying) 



Pnlso Feroantage of aaoraasa 
Rata of diastolio Toltuaa 
during systola 


Fulsa 
Rata 


Paroantaga of 
dacraaaa of 
diastolio volnma 
during systola 


64 20.13 




52 


16,39 


67 15.80 








ATg. 17.945 




63 


15.96 


71 19.91 




64 


18.46 


75 20.85 






ATg. 17.21 


75 20.64 




68 


14.46 


73 14.46 




70 


16.98 


AYg. 18.965 




72 


14.38 



ATg, 1ft. 256 
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(Lying) 



Pulse 
Rate 




Volume 


Pulse 
Rate 


78 




16.76 


81 


82 




14.01 






ATg. 


15.88 




84 




20.71 




85 




18.46 




86 




19.72 






ATg. 


19.69 




88 




21.86 




88 




16.76 




88 




29.60 




92 




13.46 






Avg* 


.20.666 




96 




26. 5& 




100 




19.79 






ATg« 


26.156 





Tolnm« 



12«05 



There appears to be a rather distinct oorrelation 
between pulse pressure and peroentage of decrease of 
systolic Tolume during systole « also a correlation with 
pulse rate, that is in the sitting position* As there 
^bles show^ howcTer^ the correlation is not perfeot* la 
case of the lying position the limited amount of data 
accumulated is perhaps insufficient to draw conclusions, 
although the inference might be drawn that subjects with a 
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lofw Byetolie prtsanr* have a smaller peroentage of deoreas* 
of syatolio TOlxune dnrlng systole, than thoso vitli a higbor 
systollo prossnro* Pnlss prossnro, en the other hand is 
Jnst opposite to this, that is, with a lev pulse pressare we 
hare a greater peroentage of deorease of systelie Yolxuse 
during systole* 

In ealoxtlating the peroentage of blood ontpnt, we may 
assume the heart to be ooinpQaied of 45^ mnsele and 5&^ of 
blood, at rest in inspiration in the sitting position fBardeen)* 
Thus, if the peroentage of decrease in volume from systole 
to diastole is divided by 55 we obtain the peroentage of 
blood output* The following is the result: 

Sitting 
1« 97.90^ 10. 30.454^ 

£• 55.75^ 11. 48.21^ 

8* 38.56^ 12. S6.98^ 

4« 29.01^ 1S« 26*29^ 

6. 36.20^ 14. 37*6e9( 

6. 39*740^ 15. S8*7£75( 

7, 30.454^ 16* £5*09^ 
8* 24.418^ 17* 53*27^ 
9. 37*627^ 18. 36.60^ 

19. 25*47^ 
i,Tg« 34.60 - for 2 Tontrieles 
ATg« 17*30 - for 1 yentriole 
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Lzisa 

!• 83.56 

2. 21.909 

S. 30.78 

4. 26.29 

5. 26.145 
6* 29.60 
7. 19.20 

ATg. 26.810 - for 2 ▼•ntriol«8 
Ayg. 13.405 - for 1 Tontrlelo 

The abOTO data shows that tho p»ro«ntago of output 
in tho sitting position is ooii8ldora1>lo mors than in tho 
lying position. 

Wo may now oonsldor tho output in oublo oentlmotora 
por kilo of body wolght por mlnuto. Wo ean arrlTo at this 
faotor by finding the differmioo in volxuno of the heart 
during systole and diastolo foid diriding this number by two, 
so as to oonsidor only one oiroulatlon. If this result is 
mnltlpllod by tho pulse rate, we obtain the number of e«o. 
por minute. It is nooossary now, to dirlde this number 
by tho number of kilos that the body weighs, the final 
result in o.o* per kilo of body weight per mlnuto. 

The following table shows the results obtained s 
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Sitting 

1. 67.16 eo« 11* 140.07 oo« 

2. 67.06 " 12. 67.57 • 

3. 54.24 * 12. 122.59 " 
4« 76.20 ** 14. 118.48 " 

5. 75.68 " 15. 68.81 " 

6. 59.08 ** 16. 63.06 " 

7. 73.62 " 17. 86.86 * 

8. 94.98 " 18. 73.27 " 

9. 62.78 • 19. 96.73 " 



10. 66.50 « 



Ayg. 80.771 Cubic Centim«t«rs 



Lying 



1. 47.89 oe. 

8. 50.48 * 

3. 50.529 " 

4. 82.30 • 

5. 49.41 " 

6. 62.60 " 

7. 54.90 " 

ATg. 56.872 Cubic centimeters. 

This data also shows that the output in the sitting 
position is nmch greater than that in the lying position. 
The actual results obtained will be discussed later. 

A classification according to wtether th# heart was 
normal for a giren weight, was made. A rarlation of 5 
points was allowed. 
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Output in e*e* per kilo of tedy weight per 
minute* Classified aoeording to weight 
i*e* heart normal for a giren weight* 



Peroent 

- 16.4^ 

- 10. 

- 9. 

- 8*5^ 

- i.O^ 

- 6*9p 

♦ 3.65S 

- 2*9^ 

- 1*7% 

Jormal 

♦ 1*53^ 

♦ 1*35^ 

♦ 1.0^ 

♦ 1.0^ 

♦ 0.7^ 

+ 6.25t 

+ 8.0^ 

+ 8*0?t 

♦ 8*6^ 



o«e* 

66*60 eo * 

69*08 00* 
140 *0T " 

67*16 • 

67.57 " 

68*81 " 
Arg* 80*538 c*e« 

62*78 00* 
118*48 " 

94*93 • 
Are* 92.06 eo. 

67*05 00* 
122*69 " 
86.85 " 
76*20 • 
75*68 " 
Arg. 85*676 ee* 

54*24 CO. 

73*62 00* 

63*05 00* 
96*73 00. 

iTg. 71*91 00* 
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F«ro»nt oe« 

+ I7.45J 73«27 

Ihla tal>la do«8 not show anything of intertst beside 
the faet that those sabjeots whose hearts are between - 5 
and - 10 as to weight appear to hare the same ararage as 
obtained In the grand arerage for the sitting position* 
It is inipossible to tell whether this is a true oorrelation 
or not* 

Ihe last elassifieation is that whioh is arranged 
aooording to height* A yariation of 2 inohes being allowedt 

Outpxit in 0*0 • per kilo of body weight per minute* 
Arranged aooording to height* 
Inohes Oubio oentimeters 

7S*0 inohes 94*95 00* 

71*6 " 6E*78 •• 

71.B6 • 66*50 " 

70*88 • 96*75 " 

70*00 " 59*08 " 

70*00 •• 140.07 » 



Arg* 76,681 ee* 

69*75 »» 67*06 " 

69*76 •• 67*67 •• 

69*00 " 64*24 * 

ATg* 62*963 00* 
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Inehta Cublo Ceatimat«r8 

•8.70 68 .SI oe* 

68.25 75,68 " 

68*00 118.45 ** 

68.00 78.27 " 

67.60 128.69 " 

66.50 76.62 « 

66.00 76.20 " 

iTg. 86.946 " 

64.60 86.86 « 

64.50 66.06 " 

68.00 62.78 " 

iTg. 70.89 " 

TiM al)OT« results show that tall indlTidusls and thoat 
of normal height (68 inehes) sewn to hare the most normal 
output, that Is, by taking the grand ayerage as a standard 
in the sitting position. Short indiTidaals hart, seemingly 
a smaller output than those of medium height or tall 
indiriduals. 

to summarise, it can be said that a true eorrelation 
appears to exist between systolio pressure and percentage 
of decrease of diastolic Tolxune during systole; this is 
also true of pulse rate. Also, that in the lying position 
the heart has a muoh smaller output than in the sitting 
position. Another important correlation is that a large 
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heart shows a smaller ohaage in TOlnns* 

As to the sotual output of the heart, the aTerage 
for the sitting position as previously mentioned* nas 
80*77 00 •« while that In the lying position was eonslderably 
less, 56*87 eo* per kilo of body weight per minute. These 
results oonpare to those obtained by other workers as follows: 

Passawart 42.75 eo. per beat 

Tigerstedt 50 •> 100 oo« per beat 

Itartia 180 oo. per beat 

Stewart 102.08 oo. per beat 

Tierordt 180 oo. per beat 

Lindhardt 72 eo. per boat 

firogh and Lindhardt 40 oo « 308.57 oo. per beat. 
The results obtained by Erogh and Lindhardt show suoh 
a wide rariatioa, that the aetual results mean but rery 
little exoept that there is a wide difforenoe in oardiao 
output when the body is at rest and when in aotiTO ezereise* 
In oonolusion, therefore, the wide yariation as shown 
by the above figures do not give us any authentie results* 
The only way to obtain a standard for a working basis, is 
to find out first, wheth«r or not a heart is normal for a 
subjeot*s given height and weight, knowing this and then 
asoertalning its aotual output, a result would be obtaiAOd 
whioh would really stand for something. The diffioulty 
of attaoklng the problem of aetxial output in man, however, 
it seems is almost insurmountable as Indireot methods have 
to be employed. In the ease of lower animals it is some- 
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what •&8lar, but there the question arises as to residual 
blood In the heart after systole, the question of nerre 
meehanlan, the unnatural eondltlon of the animal while the 
experiment Is earrled on, the Influence of the anaesthetlo, 
and In faet many details whloh at first sight appear to be 
trlTlal, but when looked at from a so lent If lo standpoint, 
appear as a great obstaole to anything like obtaining standard 
results* The method as outllaed In this paper has perhaps 
surmounted a few of the dlff loultlss and eliminated ssme 
of the obstaoles* Let It be understood, howerer, that It Is 
open to erltlelae and Is subjeot to a greater or less per- 
oentage of error, but at the present time It Is perhaps the 
most dlreot method whloh has as yet been wqployed on man* 
The problem still remains open to Investigation and It Is to 
be hoped that before long a satisfactory method may be 
dereloped whloh will praotieally eliminate the possibility 
of error and whloh will truly soIto the problem of cardiac 
output* 
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